Objective: To examine the correlation among the preoperative serum levels of five biomarkers presumed to be useful for early detection of epithelial ovarian cancer and evaluate the relationships between serum levels of these five biomarkers and epithelial ovarian cancer stage. Methods: We analyzed 56 newly diagnosed epithelial ovarian cancer patients. Preoperative serum levels of leptin, prolactin, osteopontin (OPN), insulin-like growth factor-II, and CA-125 were determined by ELISA. We also examined the correlation between the serum levels of the biomarkers and ovarian cancer stage. Significant differences in the mean serum levels of two proteins, leptin and CA-125, were observed between stage subsets. Results: There was a significant negative correlation between prolactin and leptin and a significant positive correlation between prolactin and OPN. Of the five biomarkers, only the mean serum CA-125 level showed a significant positive correlation with cancer stage (Spearman ρ=0.24, p＜0.01). OPN showed a marginally significant positive correlation with stage (Spearman ρ=0.14, p=0.07).
INTRODUCTION
Ovarian cancer is the leading cause of death from gynecological malignancy in most developed countries, although it is still relatively infrequent in developing countries. In the USA, ovarian cancer is the fifth leading cause of cancer-related death among women and is the leading cause of gynecological cancer deaths, accounting for nearly 16,000 deaths in 2008. 1 The high mortality rate of ovarian cancer is attributable mainly to the lack of effective screening and the dearth of symptoms and signs in the early stages. Indeed, only about 20% of patients are diagnosed when the tumor is still confined to the pelvic cavity. In these stage I or II patients, the 5-year survival rate ranges from 70 to 95%, depending on the stage and grade of tumor differentiation. 2, 3 In contrast, the 5-year overall survival rate of patients diagnosed beyond stage III is less than 20%. 4 Although recent advances in treatment have slightly improved survival, the overall survival rate of ovarian cancer has not increased significantly over the last 20 years. Therefore, the most reasonable strategy for improving the survival rate of ovarian cancer patients is to develop effective early detection techniques. A recent study characterized a panel of four biomarkers, leptin, prolactin, osteopontin (OPN), and insulin-like growth factor-II (IGF-II), associated with stage I and II ovarian cancer, with 95% sensitivity and 94% specificity for ovarian cancer detection. These results are better than those obtained with other currently available tests. Leptin, prolactin, OPN, and IGF-II were selected as biomarkers because they are all related to the normal physiology of the ovaries, and show significant differences in expression between healthy individuals and ovarian cancer patients. 5 The levels of expression of these biomarkers are maintained by a delicate balance between each of the cellular components of the ovary in physiologic conditions. In the process of ovar- ian carcinogenesis, the development of abnormal cells may alter and disrupt this intercellular communication, resulting in the abnormal expression of these biomarkers. We hypothesized that there may be interrelations between these biomarkers in the context of ovarian cancer. The aberrant expression of these biomarkers may occur not only in the process of tumorigenesis, but also during tumor progression and metastasis.
In the present study, we used enzyme-linked immunosorbent assays (ELISAs) to evaluate the correlation between the mean serum levels of the four biomarkers mentioned above and of CA-125, a well-known ovarian cancer tumor marker, in ovarian cancer patients. We also examined the correlation between these biomarkers and the ovarian cancer stage.
MATERIALS AND METHODS

Patient population and serum specimen collection
The serum samples used in this study were collected at Kangwon National University Hospital (Chuncheon, Kangwon, Korea) between 1 June 2001 and 31 May 2008. The study group included women newly diagnosed with epithelial ovarian cancer. The eligibility criteria for inclusion were as follows: untreated, newly diagnosed epithelial ovarian cancer, availability of samples prior to surgical intervention, and age 18 years or older. Patients with a previous history of ovarian or fallopian tube cancer; other cancer diagnosed within the 5 years prior to sample collection; or currently undergoing chemotherapy with evidence of ovarian, fallopian, or primary peritoneal carcinoma were excluded. Informed consent was obtained according to the guidelines of our hospital Institutional Review Board. Of the 56 patients with epithelial ovarian cancer, 15 and 41 patients were diagnosed with stage I/II and stage III/IV disease, respectively. Data regarding diagnosis, staging, and histology were acquired by reviewing the medical records. The clinical and histological characteristics of the patients are summarized in Table 1 .
Peripheral blood samples were collected preoperatively from women who were scheduled for surgery due to a suspicious pelvic mass, at the Department of Obstetrics and Gynecology of Kangwon National University Hospital. 
Serum analysis by ELISA
Serum analyses were performed using ELISA kits for each of the five analytes (Diagnostic Systems Laboratories, Webster, TX; Assay Designs, Ann Arbor, MI, USA), according to the respective manufacturer's instructions. The results were read on a Sunrise microplate absorbance reader (Tecan, Durham, NC, USA) with appropriate baseline correction for each assay. The concentrations were determined using a linear standard curve constructed by plotting the mean absorbance against known concentrations of reference standards for each marker.
Statistical analysis
The Kruskall-Wallis test was used to compare the preoperative mean serum levels of each biomarker between stage subsets. For the biomarkers that showed statistically significant differences, the Mann-Whitney U test was used for multiple comparisons among the individual stage subsets. ANOVA with post hoc analysis was not performed because the relatively small number of patients in the stage I, stage II, and stage IV subsets makes it invalid in this study.
Correlation between the five biomarkers was assessed using Pearson's correlation analysis. Biomarkers that showed significant correlation were analyzed by linear regression to determine the working relationships between the biomarkers. The Spearman correlation coefficient was used to determine the correlation between the serum levels of the biomarkers and the cancer stage, determined according to the International Federation of Gynecology and Obstetrics (FIGO) criteria. SPSS ver. 10.1.3 (SPSS Inc., Chicago, IL, USA) was used for data management and all statistical analyses. All results are given as two-tailed p-values, and p＜0.05 was considered statistically significant.
RESULTS
Serum levels of five biomarkers
We used ELISAs to analyze the concentrations of five protein biomarkers (leptin, prolactin, OPN, IGF-II, and CA-125) in serum samples from 56 untreated epithelial ovarian cancer patients. This subset of proteins was selected for the analysis because they show significant differences in expression between healthy individuals and ovarian cancer patients, and because they have been proposed as novel markers used in combination for the early detection of ovarian cancer. Fig. 1 shows the mean serum levels of the five biomarkers according to cancer stage. The serum level of CA-125 increased consistently with stage. However, the other four biomarkers (leptin, prolactin, OPN, and IGF-II) showed no consistent correlation with stage.
Comparison of mean serum levels by stage
We compared the mean serum level of each biomarker among the four stage subsets. For the biomarkers that showed statistically significant differences, multiple comparisons among the individual stage subsets were performed. As shown in Table 2 , two proteins (leptin and CA-125) showed a significant difference in mean serum level between stage , and 37.0±65.9 IU/ml (stage IV), with the levels at stages III and IV being significantly higher than those at stages I and II. The other three biomarkers (prolactin, OPN, and IGF-II) showed no significant differences between stage subsets.
Correlations between the five biomarkers
Pearson's correlation analysis was performed to determine whether there were correlations between the serum levels of biomarkers in epithelial ovarian cancer patients. There was a significant negative correlation between prolactin and leptin and a significant positive correlation between prolactin and OPN. No significant correlation was found between any of the other biomarkers (Table 3) . Linear regression analysis of the biomarkers that showed statistically significant correlation revealed a low degree of correlation for each pair (prolactin and leptin, r 2 =0.033; prolactin and OPN, r 2 =0.038) (Fig. 2) .
Relationships between mean serum levels of biomarkers and epithelial ovarian cancer stage
Fifty-six cases of epithelial ovarian cancer were analyzed using Spearman's correlation analysis to determine the relationships between cancer stage and the serum levels of the five biomarkers. As shown in Table 4 , among the five biomarkers examined, only CA-125 showed a definite significant positive correlation with stage (Spearman ρ=0.24, p＜0.01). OPN showed a marginally significant positive correlation with stage (Spearman ρ=0.14, p=0.07). Thus, the serum levels of CA-125 and OPN showed an increasing trend with higher cancer stage. The other three biomarkers (leptin, prolactin, and IGF-II) showed no significant correlation with cancer stage.
DISCUSSION
A woman's estimated risk of developing ovarian cancer in her lifetime is 1 in 70 or 1.4%. 1 Unfortunately, no fully effective mass screening method for early ovarian cancer has yet been developed. The currently available methods, such as abdominal and transvaginal ultrasonography, color flow Doppler, and CA-125, are not specific enough for detecting early, treatable ovarian cancer through population screening. 6 Therefore, the disease is detected at an advanced stage in most patients, being confined to the ovaries at diagnosis in fewer than 30% of cases. The lack of effective screening tools is one of the main reasons for the poor prognosis of this disease. Therefore, the development of a sensitive and specific method for early detection of ovarian cancer is a priority as a means of improving the treatment outcome of this disease. Currently, one of the most common screening tests for epithelial ovarian cancer involves the use of biomarkers. Biomarkers have been applied in the management of epithelial ovarian cancer in several different ways, including predicting primary disease at an early stage, distinguishing malignant from benign pelvic masses, monitoring responses to treatment, and estimating prognosis. A number of proteins present in either blood or urine have been identified as specific markers for epithelial ovarian cancer. [7] [8] [9] Among them, CA-125 has attracted the most attention to date. However, no single protein has provided adequate sensitivity and specificity as a screening biomarker. A recent study using four biomarkers (leptin, prolactin, OPN, and IGF-II) indicated 95% sensitivity and 94% specificity for ovarian cancer detection, which are higher than those of other currently available tests. 5 In this study, we analyzed the serum levels and relationships between five biomarkers, i.e., leptin, prolactin, OPN, IGF-II, and CA-125, in epithelial ovarian cancer. These proteins were selected as early detection markers for two reasons. First, they showed significant differences in expression between healthy individuals and epithelial ovarian cancer patients. 5 The serum levels of prolactin, OPN, and CA-125 were significantly higher in epithelial ovarian cancer patients, whereas the other two biomarkers (leptin and IGF-II) were the opposite. Second, most of these proteins showed anti-apoptotic or proliferative effects on ovarian cancer cells. [10] [11] [12] [13] [14] All five biomarkers evaluated in the present study have been suggested as potential tumor markers by other research groups, although they have not been tested previously as a set. Leptin is a 16-kDa hormone secreted as a product of the ob gene. Leptin showed consistent angiogenic and proliferative potential in an in vitro study but presented a complex and paradoxical picture in a clinical study. 11 Several reports have documented an association between cancer risk and higher leptin levels, as measured prospectively. 15, 16 Normal or elevated leptin levels have been documented in analyses of individuals performed ＞1.5 y before the detection of colorectal or breast cancer. However, serum leptin levels measured at the time of diagnosis in patients with gastrointestinal and other cancers were lower than the control levels. 17 Thus, the levels of leptin in serum may be significantly affected by the timing of serum collection relative to disease onset. Leptin signaling is transduced mainly by the signaling pathway that involves signal transducer and activator of transcription (Jak/STAT), mitogen-activated protein kinase (MAPK), and phosphoinositide 3-kinase (PI3K).
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Prolactin was originally defined as a peptide hormone that stimulates lactogenesis; it is secreted by the anterior pituitary gland. A number of recent studies have shown that prolactin is an important hormone/growth factor in female reproductive organs, including the ovaries. In addition, it is produced in breast, prostate, and colorectal cancers, where it is involved in the progression of these cancers in an autocrine/paracrine manner. 19 Prolactin receptor mRNA is found in most ovarian cancer cell lines and inhibits apoptosis of ovarian cancer cells in vitro. 10 This anti-apoptotic effect is mediated by stimulation of the PI3K-Akt pathway and is also associated with Bcl-2 family proteins in human breast cancer cells.
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OPN is a 44-kDa glycophosphoprotein present in all body fluids, extracellular matrix components, and the proteinaceous matrix of mineralized tissues. OPN was shown to be over expressed in tumors and serum of women newly diagnosed with an ovarian tumor. 13 OPN levels are also elevated in breast, prostate, lung, colon, pancreatic, and ovarian cancers and in multiple myelomas. 21 The IGFs are polypeptides that are important in cellular proliferation, differentiation, and apoptosis. They are regulated by a family of binding proteins (IGFBPs), six of which have been identified to date, that can both attenuate and stimulate the mitogenic effects of the IGFs by controlling type I IGF receptors. The expression of the IGF-II gene is associated with the development of breast, colon, and prostate cancers. In addition, IGF-II expression is elevated in ovarian cancer in comparison with normal ovarian tissues. Accumulating evidence implicates IGFs in carcinogenesis and tumor progression. 22 CA-125 is a tumor-associated antigen, identifiable by the highly specific murine monoclonal antibody IgG1 OC 125, that is present in more than 80% of ovarian cancer patients and in only 1% of healthy women. It is currently the most commonly used single ovarian cancer tumor marker.
In the present study, we reviewed the correlations between preoperative serum levels of these biomarkers in ovarian cancer. Previous reports on the relationships between tumor markers in ovarian cancer have been confined to the relationships between CA-125 and other tumor markers. 23 Our study is of value because it provides information about the relationships between diverse potential biomarkers in ovarian cancer. This study showed a significant negative correlation between prolactin and leptin, and a significant positive correlation between prolactin and OPN, although neither correlation was strong (r 2 =0.033 and r 2 =0.038, respectively). At present, it is difficult to explain the biological basis for these correlations, and it is possible that they are incidental. However, because these potential biomarkers of ovarian cancer showed significant changes in serum levels during carcinogenesis, there may be an underlying pathophysiological relationship between them. Interestingly, the serum concentrations of prolactin and leptin were negatively correlated, yet they share the same signal transduction pathway, the PI3K-Akt pathway. The only other biomarker correlation was the positive correlation between prolactin and OPN levels. In contrast to our results, a previous study documented a significant relationship between serum levels of OPN and CA-125 in ovarian cancer patients (Spearman ρ=0.31, p＜0.01). 24 Only CA-125 showed a significant positive correlation with cancer stage (Spearman ρ=0.24, p＜0.01). Our result corresponds well with those of previous studies on CA-125. Elevated overall CA-125 levels have been found in 75 to 90% of ovarian cancer patients, and elevated serum CA 125 levels were present in 51, 71, 91, and 98% of patients with FIGO stage I, II, III, and IV tumors, respectively. [25] [26] [27] [28] This suggests a positive correlation between the preoperative serum CA-125 level and the FIGO stage. In the case of OPN, there was a marginally significant correlation with cancer stage in our study (Spearman ρ=0.14, p=0.07). Serum OPN is thought be derived from the primary tumor or the ovarian stroma in ovarian cancer, because the serum level of OPN is higher before debulking surgery compared with the level during the postoperative period. In addition, a previous study indicated that the serum OPN level was significantly correlated with the bulk of diseased tissue in ovarian cancer. 24 As there are significant correlations between tumor size and stage and between tumor size and OPN in ovarian cancer, 29 it is likely that there is a meaningful relationship between OPN and the cancer stage. Further studies are necessary to characterize this relationship. None of the other three biomarkers, leptin, prolactin, and IGF-II, showed a significant correlation with stage. As noted above, controversy remains regarding the association between serum leptin levels and the onset of disease, and there are no published data addressing this putative relationship. The association between the serum level of IGF-II and ovarian cancer is also complicated, because the effects of IGF-II are regulated mainly through the paracrine or autocrine system in local tissues, rather than via an endocrine function, and because the serum level of IGF-II is markedly affected by IGFBP. Our paper has several limitations, including its retrospective nature and small sample size. Diagnostic accuracy, including sensitivity, specificity, positive predictive value (PPV), and negative predictive values (NPV) of each biomarker and in combination was not assessed. Because this study was done retrospectively, comparable normal control group necessary to evaluate the validity of biomarkers was unavailable. But, there are some previous studies validating the diagnostic accuracy of these biomarkers. According to Visintin et al., none of the above biomarkers by themselves were significant enough to differentiate healthy versus cancer cells. However, the combination of the these biomarkers provided a better differentiation than CA-125. 30 In another study, the combination of 6 biomarkers (5 biomarkers mentioned above and macrophage inhibitory factor) yielded 95.3% sensitivity and 99.4% specificity. 31 Within these limitations, however, our study showing the relationships between five biomarkers in epithelial ovarian cancer is meaningful. We assumed that the presence of abnormal cells may alter and disrupt the intercellular communication, which is maintained by a delicate balance between each of the cellular components of the ovary. We tried to find out whether there is consistent interrelation between biomarkers in the context of ovarian cancer. The biomarkers identified in this study may not only represent factors produced by the tumor, but also represent the organ's response to the presence of neoplastic cells. Significant levels of biomarkers could only be detected in peripheral blood at later stages of tumor development; however, the body is able to recognize and respond to early stages of the tumorigenicity. In this sense, we attempted to ascertain the correlation between the biomarkers and ovarian cancer stage. Larger scaled further studies are needed to explore these interrelations more definitely.
In summary, we demonstrated the relationships between five biomarkers in epithelial ovarian cancer. A great deal remains to be determined regarding the relationships and putative oncogenic roles of these five biomarkers in epithelial ovarian cancers. These tumor markers may be useful in screening for ovarian cancer, in characterizing disease states, and in developing therapeutic interventions targeting these marker proteins.
